Abstract. Transmission efficiency is a key characteristic for gear box, a test system is set up for gear box's measurement. But in the test process, there may have some wrong test results by using ideal mathematic formula which is based on the law of conservation of energy. By checking the mechanical structure of system and analyzing the experiment data, there are some interference factors in this test system. The main interference factor is that there exist some energy storage devices in this test system, when the system is instead state these energy storage devices also can supply some energy to output. If this part of energy is not considered in the mathematic calculation, the test result is wrong which means the transmission efficiency may over than 100%. In order to get the correct transmission efficiency, a new calculation method is used to eliminate the interference factors from the mathematical calculation. With this new method, the experiment process is carried out repeatedly to achieve a decent test result, which illustrates the correctness of the analysis and mathematical calculations.
Introduction
The transmission gear box or reduction gear box is used wildly in many fields like aerospace field and automotive field [12] . The transmission efficiency is a key characteristic for gear box, because gears are used to transmit motion and/or power [3] . Many researchers already have done some research works of gear box's transmission efficiency [4] - [9] . In order to research the transmission efficiency of gear box, we build a test measurement system. But in some special cases, the test result maybe is wrong if followed the traditional calculation method, because the effect of interference factors [10] . So the interference factors must be found out and eliminated from the mathematical calculations.
The Measurement Method
The test system's mechanical structure is shown in Figure1, this system mainly consists of three parts: X axis active load (), Y axis active load (II) and the drive part (III). These three parts use servo motorsas the power supply, and use torque sensors (10, 4 in Figure 1 ) to test the input and output's torque and speed.
The traditional method of transmission efficiency measurement is realized by calculating withthe rotation rate and torque of the system's input and output. So there installs a rotation rate and torque sensor at the system's input, and installs another one at the system's output. The system's transmission efficiency t E can be calculated with Eq. (1). This is an ideal calculate method of transmission efficiency. But when we used this calculate method in our system, one problem is that the transmission efficiency value often exceeds 100%. The calculate result is shown in Figure 2 .
Figure2. Transmission efficiency
Obviously, the measurement result is wrong, because the transmission efficiency is always less than 100%. So there must be some interference factors we do not take into account when we use the Eq.(1).
If check the system's input and output torque which is shown in Figure 3 , and check the system's input and output power which is shown in Figure 4 ,we can find out that the torque and power of input is less than the output, when system's output torque reached the setting value (5Nm) after 400 seconds, until the measurement was finished after 700 seconds.
According to the law of conservation of energy, the total input energy is equal to the total output energy plus total consumption energy. If the input energy is less than output, there must be another energy supply point between input measurement point and output measurement point. In the real world, there are always some interference factors like energy storage devices in this system. If there are flexible transmission shafts, some elastic components and heavy moment of inertia components in a system, these kinds of components will store the energy when test the transmission efficiency and affect the measurement result.
The coupling of this system is flexible, so it can store some energy by deforming at the beginning of measurement. In this stage, all the energy is supplied by the input of system. When the system is in steady state stage, this coupling component can supply some energy as energy buffer to the output. So in steady state, the system's energy is provided by the input and energy storage devices. Therefore, if we only measure the system's input power and ignore the energy storage devices' influence, we will get the wrong result. The change of system's energy flow can be illustrated by Figure5.
Figure5. The change of system's energy flow Consider the influence of energy storage devices, the system's energy in Figure 5 (a) and Figure  5 (b) can be calculated by:
where 1 s P is the stored energy by the energy storage devices. 
where T is the torque and V is the rotation rate. When the system starts from stationary state and end atstationary state, the initial and end conditions are zeros. So the storedenergy equals to the released energy, which means 12 ss PP  .According to Eqs. (2) and (3), it is able to obtain:
The total lost energy can be calculated out by the total input energy and the total output energy. As known, the lost energy is mostly consumed by the mechanical friction. So the lost energy of this system is related to the rotation rate. The faster the speed, the more energy loss. This relationship can be expressed as Eq.(6).
where k is the proportional coefficient, V is the rotation rate. According to Eqs. (4) and (5), the proportional coefficient k can be calculated out.
Some experiments are carried out to get the value of k at some certain rotation rate points, i.e., from 500rpm, 1000rpm,1500rpm,till6000rpm.Then get the curve chart of k between 0-6000rpm by using cubic spline interpolation method, which is shown in Figure 6 .
Figure6.Interpolation curve of k
The value of k can be obtainedat any rotation rate point from Figure 6 . Then the system's lost energy can be calculated by using Eq.(6), and the system's transmission efficiency t E also can be calculated out in real time. 
The Actual Application Effect
After using this new method, the test result never over than 100% during the whole test process. Take the test result under 5Nm,1000rpm as an example, which is shown in Figure 7 .
Figure7. New transmission efficiency
The system's transmission efficiency at any speed point can be tested by using this new test method. The test result is shown in The test result at the torque 5Nm can be drawn in a graph. The change trend of transmission efficiency against rotation rate is shown in Figure 8 .
From this graph, we can know that the transmission efficiency of this system not always increases with the increase of speed but has some fluctuations.
Figure8.Transmission efficiency with rotation rate at 5Nm

Conclusions
Transmission efficiency is the key concerns in the design of gearing systems [10] . The results of analysis and experiment indicate that the energy storage devices exist in the system have important influence on the measurement of gear box's transmission. If the mathematical calculations only concern input and output power but not concern the intermediate links, the final test result may be larger than actual value. It is shown that the energy storage devices also can supply some energy as a power buffer. If there has flexible and/or elastic components and rotational inertia components in system, these interference factors must eliminate from the mathematical calculations to get the right test result.
